




































































Education	 has	 become	 an	 emergency	 in	 our	 societies.	 Education	 involves	
everybody,	 at	 every	 age.	 However,	 it	 is	 fundamental	 for	 young	 people	 and	




in	 order	 to	 favour	 educators	 in	 their	 mission.	 In	 particular,	 there	 are	 some	
aspects	of	education	–	notably,	 learning	and	 training	 -	 that	 seem	particularly	
suited	to	computer-based	support.	And	in	this	regard,	some	game	technologies	
seem	effective	 and	 promising,	 also	 because	 they	 seem	 to	 address	 several	 e-	
learning	problems	such	as	high	dropout	rates	due	to	frustration	and	the	lack	of	
motivation	to	continue	studying	[Prensky,	2000;	Yessad,	2010].	
The	 potential	 of	 Serious	 games	 (SGs)	 -	 games	 that	 use	 pedagogy	 to	 infuse	
instruction	 into	 the	 game	 play	 experience	 [Greitzer,	 2007;	 Gee,	 2007]	 -	 is	
relevant,	because	a	large	and	growing	population	is	familiar	with	playing	games,	
that	 can	 present	 users	 with	 realistic	 and	 compelling	 challenges,	 highly	
stimulating	 their	 information	 processing	 capabilities	 and	 capturing	 their	
concentration	 span	 for	 long	 duration.	 Games	 embody	 well-established	
principles	 and	 models	 of	 learning.	 For	 instance,	 games	 are	 effective	 partly	
because	 the	 learning	 takes	 place	within	 a	meaningful	 (to	 the	 game)	 context.	
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What	you	must	learn	is	directly	related	to	the	environment	in	which	you	learn	
and	 demonstrate	 it;	 thus,	 the	 learning	 is	 not	 only	 relevant	 but	 applied	 and	
practiced	 within	 that	 context	 (Situated	 cognition).	 Researchers	 have	 also	
pointed	out	that	play	is	a	primary	socialization	and	learning	mechanism	common	
to	 all	 human	 cultures	 [Van	 Eck,	 2006].	 Literature	 [Menn,	 1993]	 claims	 that	
students	 can	 only	 remember	 10	 percent	 of	 what	 they	 read,	 but	 almost	 90	
percent,	if	they	engage	in	the	job	themselves,	even	if	only	as	a	simulation.	
Good	 SGs	 challenge	 players	 with	 immersive	 situations,	 providing	 concrete,	
compelling	 contexts	 where	 the	 player	 gets	 involved.	 This	 is	 important	 to	
motivate	learners	and	also	to	show	the	concrete	relevance	to	everyone’s	life	of	
subjects	 (e.g.,	maths	and	physics)	 that	are	 frequently	 considered	as	 cold	and	
abstract,	but	whose	applications	to	improve	our	understanding	(and	prediction)	
of	the	world	and	its	processes	are	surprising	and	give	satisfaction	to	students.	





identities	 –	 possibility	 to	 experience	 a	 situation	 from	 multiple	 perspectives	
[LoPiccolo,	2005]	-,	of	effort	and	interpretation),	that	can	complement	formal	
learning	by	encouraging	learners	to	explore	various	situations	[Klopfer,	2009].	
















(SBSGs).	 SBSGs	 invite	 players	 to	 perform	 cognitive	 tasks	 contextually,	 while	
exploring	information-rich	virtual	environments.		
The	framework	provides	a	description	template	and	a	set	of	web	services	that	
allows	developers	 to	 define	 the	 items	 to	 be	 investigated	 in	 a	 structured	 and	
straightforward	way	by	players	who	are	typically	asked	to	perform	some	tasks	in	
relevant	points	of	the	environment,	in	order	to	get	(by	doing)	or	test	knowledge	
about	 some	 specific	 subjects.	 The	 descriptor	 is	 processed	 at	 runtime	 by	 a	
enhanced	 version	 of	 a	 game	 engine,	 which	 is	 responsible	 for	 setting	 up	 the	
virtual	environment	and	managing	the	gameplay	accordingly,	and	a	set	of	web	
services	to	support	multiplayer	modality,	online	chat	among	players	and	score	




After	 describing	 the	 framework,	 the	 thesis	 presents	 its	 application	 to	 the	
development	 of	 two	 real	 example:	 “Can's	 Crime”	 (a	 SG	 teaching	 industrial	






maintainability	 and	 modularity.	 I	 argue	 that	 the	 same	 approach	 could	 be	
employed	 to	 other	 game	 formats,	 especially	 in	 the	 emerging	 context	 of	
developing	“games	as	services”	
The	 remainder	 of	 the	 thesis	 is	 organized	 as	 follows.	 The	 next	 chapter	 (2)		
provides	the	background	on	educational	SGs	and	discusses	the	state	of	the	art.	




















in	 facing	 challenges	 and	 issues	 [Connolly,	 2007;	 Islas	 Sedano,	 2013;	Wendel,	
2013].	 The	 widespread	 diffusion	 of	 mobile	 gaming	 is	 opening	 further	
perspectives	also	for	learning	and	online	socialization	(e.g.,	[Parsons,	2012;	Chi-
Husiung,	 2012]).	 Furthermore,	 a	 large	 and	 growing	population	 is	 increasingly	








online	 collaboration,	 verbal	 commands,	 gesture-based	 control,	 social	
environments,	family	gaming).	Moreover,	several	new	games	(e.g.	mobile,	some	
consoles	and	new	interaction	modalities)	are	inexpensive	to	produce	and	run	on	






Business	 data	 argue	 for	 a	 favourable	 trend	 for	 SGs.	 The	 IDATE	 2012	 report	
estimates	the	global	market	of	SGs	at	2.35bn	€,	with	steady	growth	and	huge	
potential	[IDATE,	2012].	Positive	trends	for	SGs	and	gamification	(which	includes	
the	 use	 of	 SGs)	 are	 also	 provided	 by	 other	 market	 and	 expert	 analysis	 and	
surveys	[Pew	Research	Center,	2012;	Deloitte,	2012;	Gartner,	2013].	Performing	
a	 survey	with	e-learning	professionals	 and	experts,	 and	 comparing	outcomes	
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with	 literature	 review,	 [Mitchell,	 2004]	 stresses	 a	 “positive	 view”,	 as	 SGs	 are	




difficulty	 level,	 duration,	 aesthetic,	 and	 interaction	modalities)	might	 conflict	
among	each	other.	The	‘suspension	of	disbelief’,	typically	happening	in	a	game,	
may	 negatively	 influence	 the	 learning	 processes.	 Certain	 socio-demographic	
groups	may	feel	excluded	and	frustration	may	be	created	by	usability	issues	and	
competition.	 There	 is	 a	 risk	 of	 stressing	 extrinsic	 motivation	 towards	 an	
educational	topic	(through	competition,	rewards,	badges,	etc.),	with	respect	to	
intrinsic	 motivation,	 that	 is	 fundamental	 in	 the	 long-term.	 Developing	 AAA	
commercial	games	is	extremely	expensive,	and	SGs	cannot	afford	such	budgets.	
Thus,	 the	 term	 “game”	 may	 create	 excessive	 expectations	 in	 the	 users.	
Moreover,	 [Tashiro,	2009]	 reports	 that	while	 there	 is	 insufficient	evidence	 to	
know	 if	 current	 serious	 games	 may	 improve	 healthcare	 education,	 there	 is	
evidence	 that	 they	may	 inculcate	 inadequate	 clinical	 pattern	 recognition.	 All	
these	 observations	 highlight	 the	 fact	 that	 SG	 design	 is	 a	 complex	 challenge,	
involving	a	variety	of	dimensions,	and	 that	use	of	SGs	 in	educational	 settings	
should	be	properly	organized.	




the	 authors	 agree	 that	more	extensive	 tests	 are	 to	be	performed	 (e.g.,	 [Qin,	
2010;	 Petrasova,	 2010;	 Aylett,	 2009;	 Rebolledo-Mendez,	 2004]).	 Some	
experiences	highlight	the	 importance	of	games	for	awareness	raising	(e.g.	 for	
societal	 issues).	However,	stressing	the	emotive	aspect,	 that	 is	 interesting	 for	
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some	 types	 of	 games	 –	 in	 particular	 for	 advertising	 -,	may	 be	misleading	 for	

















the	 famous	 America’s	 Army),	 or	 salesmen.	 The	 games	 typically	 concerned	
acquisition	of	knowledge	and/or	procedural	skills	and	were	targeted	at	a	captive	
audience.	With	 the	 diffusion	 of	 “non-hard”	 gaming	 and	 of	 new	 devices	 (e.g.	
smartphones,	 tablets,	 various	 types	 of	 consoles),	 a	 variety	 of	 SGs	 has	 been	
rapidly	established,	for	different	types	of	users	(students,	adults,	workers,	etc.),	
applications/goals	 (instruction,	 training,	 advertising,	 politics,	 etc.)	 and	
implementing	different	genres	(arcade,	first	person	shooter,	etc.).	In	literature,	
it	is	possible	to	find	several	examples	of	learning	games,	showing	that	uses	of	








been	proposed	 in	 literature	 that	 classifies	 SGs	 according	 to	different	 criteria,	
such	as	application	domains,	markets	[Michael,	2006],	skills	[Kirriemuir,	2006;	
Riedel,	 2011],	 learning	outcomes	 [Egenfeldt-Nielsen,	 2006].	 The	 classification	
proposed	by	[Sawyer,	2008]	that	rapidly	became	a	reference,	proposed	a	matrix	
of	 two	 major	 criteria:	 market	 (the	 application	 domain)	 and	 purpose	 (initial	




















• Gameplay	 (game-based	 vs.	 play-based	 –	 games	 have	 fixed	 goals	 to	
achieve;	core	rules	represented	by	bricks	constituting	a	game)	
• Purpose	 (Education,	 information,	 marketing,	 subjective	 message	
broadcast,	training,	goods	trading,	storytelling)	
• Market	 (Entertainment,	 State&Government,	 Military	 &Defense,	




as	 Imagine	 (www.imaginegames.eu),	 Engage	 learning	
(www.engagelearning.eu),	 Serious	 Games	 Society	
(www.seriousgamessociety.org).	The	Serious	Games	Society	taxonomy	includes	
a	number	of	descriptors	that	are	useful	for	conducting	SG	studies,	including:	
• Description/classification	 (genre,	 platform(s),	 application	 domain,	
learning	curve,	effective	 learning	 time,	play	mode,	player	assessment,	
provision	of	feedback,	etc.)	
• Analysis	 of	 game	 components	 (UI,	 rules,	 goals,	 entity	 manipulation,	
assessment),	for	a	detailed	specification	of	the	game	mechanisms.	
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• Pedagogy.	 The	 taxonomy	 is	 organized	 in	 two	 major	 sectors:	 1)	
Theoretical	 frameworks:	 constructivism,	objectivism,	personalism,	 etc.	
and	2)	Outcomes:	cognitive;	psycho-motorial;	affective;	Soft-skills.	
• Deployment	 (“Use	 of	 the	 game”),	 specifying	 settings	 such	 as:	 target	
users	 (age,	 specific	 categories	 of	 persons,	 school	 level,	 etc.);	 target	
topics;	prerequisites	for	use	(if	any)	(cognitive,	content-related,	domain	
related,	 psychomotor,	 etc.);	 context	 of	 use	 (e.g.,	 formal	 education,	
corporate	training	and	other)	
• Technologies	 employed	 for	 the	 development.	 Game	 engine,	
development	tools/platforms,	AI	algorithms.	
Metrics	 are	 also	 provided	 to	 allow	 an	 assessment	 of	 SGs	 by	 experts	 along	
dimensions	such	as	learning	effectiveness,	efficiency,	fun	level,	etc.	
SG	development,	a	multidisciplinary	challenge	
In	order	 to	develop	and	deploy	effective	 tools	 for	 learning,	 it	 is	necessary	 to	
consider	 all	 the	 stakeholders	 (users,	 educators,	 families,	 researchers,	
developers/industries)	and	the	whole	cycle	from	research	to	market	and	vice-
versa.	From	a	scientific	point	of	view,	it	is	necessary	a	complex	mix	of	disciplines	
and	 technologies,	 such	 as:	 Artificial	 Intelligence	 (AI),	 Human-Computer	


























creation	 of	 virtual	 environments,	 typically	 3D,	 where	 the	 player	 can	 gain	
knowledge	 through	 exploration	 and	 by	 practice	 (e.g.,	 manipulating	 objects),	
possibly	in	collaboration	with	other	people.		




working	 memory.	 Analysing	 user	 experience	 of	 Crystal	 Island,	 [Rowe,	 2010]	
reports	 that	 “high-achieving	 science	 students	 tended	 to	demonstrate	greater	
problem-solving	efficiency,	 reported	higher	 levels	of	 interest	and	presence	 in	
the	 narrative	 environment,	 and	 demonstrated	 an	 increased	 focus	 on	
information	 gathering	 and	 information	 organization	 gameplay	 activities”.	
However,	 “lower-achieving	 microbiology	 students	 gravitated	 toward	 novel	
gameplay	elements,	such	as	conversations	with	non-player	characters	and	the	
use	 of	 laboratory	 testing	 equipment”.	 Observing	 the	 gameplay,	 the	 authors	
noticed	that	“high-achieving	students	tended	to	utilize	more	traditional	science	
resources	 such	 as	 textbooks	 and	 worksheets	 while	 attempting	 to	 solve	 the	
presented	mystery.	 In	 contrast,	 low-achieving	 students	employed	 the	help	of	
expert	non-player	characters	and	virtual	 lab	equipment	to	aid	 in	their	quest”.	
These	observations	seem	to	stress	 the	 fact	 that	 learning	 is	a	complex	activity	
that	requires	graduality	and	needs	several	steps,	that	have	to	be	supported	by	
various	 tools	 (e.g.,	 paper	 and	digital,	 reading	 and	writing,	 etc.)	 and	 generally	
have	to	be	guided,	possibly	by	an	adult,	in	order	to	be	meaningful/compelling	
for	 the	 learner	 and	 not	 to	 waste	 time	 and	 energies.	 Maps,	 landmarks,	
contextualized	helps,	objectives’	lists	with	status	information	are	game	elements	
that	 could	 be	 employed	 in	 order	 to	 support	 avoidance	 of	 player’s	 cognitive	
overloading.		
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Another	 important	 theory	 is	 flow,	 based	 on	 Csikszentmihalyi's	 foundational	
concepts	 [Csikszentmihalyi,	 1990].	 Flow	 was	 first	 employed	 to	 measure	
engagement	 in	 an	 educational	 game	 in	 [Chen,	 2004].	 [Sweetser,	 2005]	 drew	
together	various	heuristics	present	 in	the	 literature	 into	a	concise	model,	 the	
GameFlow,	 consisting	 of	 eight	 elements:	 concentration,	 challenge,	 skills,	
control,	clear	goals,	feedback,	immersion,	and	social	interaction.	As	the	result	of	
more	 than	 three	 decades	 of	 commercial	 competition,	most	 of	 today’s	 video	
games	deliberately	include	and	leverage	the	eight	components	of	Flow	[Chen,	
2007].	[O’	Broin,	2011]	highlights	that	most	games	adequately	meet	two	primary	
elements	 of	 flow	 -	 clear	 goal	 and	 feedback	 -	 but	 the	 balancing	 of	 game	
challenges	and	player	skills	is	often	lacking.	In	order	to	maintain	a	user’s	Flow	












core	 activities	 of	 the	 interactive	 experience	 and/or	 to	 make	 the	 game	
automatically	 adaptive	 [Lopes,	 2011]	 in	 particular	 through	 player	 state	
assessment	 [Liu,	 2009].	 A	 consequent	 research	 issue	 is	 how	 to	measure	 the	
player	flow	status	during	the	game,	possibly	with	no	invasiveness,	for	instance	
through	 neuro-physiological	 signal	 processing	 [Berta,	 2013].	 In	 fact,	 using	
questionnaires	 (either	on	paper	or	electronic)	 requires	 interrupting	 the	game	
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and	leads	to	variable	subjective	values.	Moreover,	participants	may	report	their	
belief	 in	 general,	 but	may	 not	 reflect	 the	 experiences	 of	 the	moment	 while	
playing	[Chiang,	2008].		
Personalism	 tends	 to	 consider	 education	 as	 a	 human	 relationship	between	a	
child	(learner)	and	an	adult	(teacher)	who	introduces	to	reality	[Maritain,	1985].	
Centrality	of	the	person	stresses	user-cantered	design	(e.g.,	[UPA,	2008]).	Other	
specific	 implications	 for	SG	design	may	 involve:	presence	of	 real-world	hooks	
(e.g.,	 territorial	 gaming)	 and	 references	 inside	 the	 game,	 possibility	 of	
supporting	 a	 dialogue	 between	 learner	 and	 teacher,	 game	 analytics	 able	 to	
provide	 detailed	 information	 about	 the	 player’s	 performance	 that	 could	 be	
analysed	 by	 the	 teacher	 in	 order	 to	 advise	 on	 possible	 improvements	 and	
corrective	actions.		
Several	 learning	models	have	been	employed	to	 inspire	SG	design	and	assess	
validity	 of	 SGs.	 Among	 the	 knowledge	models,	we	highlight	 the	Nonaka	 SECI	
model	[Nonaka,	2000],	which	is	mentioned	as	a	theoretical	basis	for	the	use	of	
SG-based	 workshops,	 at	 least	 in	 the	 fields	 of	 business,	 management	 and	






Experiential	 Learning	 model,	 which	 systemizes	 the	 work	 rooted	 on	 Piaget’s	
cognitive	 developmental	 genetic	 epistemology,	 on	 Dewey’s	 philosophical	











CancerSpace	 (see	 Fig.	 	 5)	 is	 a	 game	 format	 that	 incorporates	 aspects	 of	 e-
learning,	 adult-learning	 theory,	 and	behaviourism	 theory	 to	 support	 learning,	
promote	knowledge	retention,	and	encourage	behaviour	change	[Swarz,	2010].	
CancerSpace’s	 design	 encourages	 self-directed	 learning	 by	 presenting	 the	
players	with	real-	world	situations	about	which	they	must	make	decisions	similar	
to	 those	 they	 would	 make	 in	 clinics.	 The	 targeted	 users	 are	 professionals	
working	in	community	health	centers.	The	authors	stress	the	main	peculiarities	
of	the	game	with	respect	to	a	mere	collaborative	3D	e-learning	environment.	
The	 first	 point	 is	 about	 role-playing:	 the	 user	 has	 to	 help	 the	 clinical	 staff	
evaluate	the	clinical	literature,	integrate	the	evidence	into	their	clinical	decision-
making,	 plan	 changes	 to	 cancer-screening	 delivery,	 and	 accrue	 points	
correlating	 to	 increased	cancer-screening	 rates.	 The	user	 takes	decisions	and	
observes	whether	the	chosen	course	of	action	improves	the	cancer	screening	
rates.		
The	 game	 includes	 a	 small	 number	 (four)	 of	 patient-provider	 interactions	 in	
which	 the	 decider	must	 talk	with	 a	 patient	 reluctant	 to	 get	 screened,	 try	 to	
educate	that	patient,	and	hopefully	get	him	or	her	screened.	The	Decider	must	
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as	 quick	 animations	 indicating	 an	 incorrect	 answer	 and	 a	 mentor	 character	
showing	emotions	ranging	from	strong	disapproval	to	strong	approval.		
To	 stimulate	 gameplay,	 CancerSpace	 has	 adapted	 an	 award	 system	 that	
motivates	 players	 to	 increase	 screening	 rates.	 The	 CancerSpace	 scenarios	 in	
which	the	decider	guides	the	virtual	clinical	staff	are	based	on	research-tested	
interventions	 and	 best	 practices.	 Users	 receive	 points	 on	 the	 basis	 of	 their	





fight	 their	 disease.	 Each	game	puts	players	 inside	 the	human	body	 to	defeat	
cancer,	 using	weapons	 like	 chemotherapy,	 antibiotics	 and	 the	body’s	 natural	
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defences.	 The	 games	 are	 designed	 to	 motivate	 players	 to	 stick	 to	 their	
treatments	 by	 boosting	 self-efficacy	 and	 positive	 emotions	 and	 by	 shifting	
attitudes	 about	 chemotherapy.	 A	 study	 results	 show	 that	 neural	 circuits	
implicated	in	reward	(i.e.,	caudate,	putamen,	and	nucleus	acumens)	activated	
strongly	 while	 players	 were	 actively	 playing	 Re-Mission	 but	 not	 when	 other	




SGs	 and	 Virtual	 World	 technologies	 allow	 the	 creation	 of	 realistic	 3D	
environments,	 with	 full	 sensory	 representation	 and	 immersion.	 These	
environments,	populated	by	players’	avatars	and	by	Virtual	Human	Characters	
(VHCs)	 controlled	 by	 the	 computer’s	 Artificial	 Intelligence	 (AI).	 This	 is	 the	
concept	of	Living	Worlds	(LWs).	In	their	LW	for	cultural	training	in	Afghanistan,	
[Zielke,	2012]	indicate	several	mechanics,	starting	from	the	main	objective:	the	
player	 wins	 by	 successfully	 interpreting	 the	 environment	 and	 achieving	 the	
desired	living-world	attitude	toward	him.	The	entire	living-world	game	space	is	
fuelled	 by	 the	 knowledge-	 engineering	 process	 that	 translates	 the	 essential	
elements	 of	 the	 culture	 into	 programmable	 behaviours	 and	 artefacts.	 For	
instance,	“In	Afghan	culture,	older	men	have	great	influence	over	younger	men,	











designed	 keeping	 into	 account	 three	 dimensions:	 global	 (e.g.,	 weather	
conditions	and	distance	 traffic),	 regional	 (e.g.,	 a	 radio	 in	 the	 room)	and	 local	
(e.g.,	footsteps,	voices).		
Another	 key	 aspect	 is	 assessment,	 through	 the	 underlying	 3D	 Asymmetric	
Domain	 Analysis	 and	 Training	 (ADAT)	 model	 that	 allows	 for	 analysis	 of	 the	
cultural	 behaviour	 exhibited	 by	 the	 player	 in	 the	 game.	 Conversations	 and	
interactions	between	the	NPCs	and	the	player	are	recorded	through	a	text	log	
to	 provide	 game	 performance	 analysis.	 The	 assessment	 tool	 lists	 all	 possible	
choices	 for	 player	 behaviour	 and	 conversation,	 highlighting	both	 the	player’s	
choice	and	the	most	culturally	appropriate	response.	The	tool	provides	scores	
on	 the	opinion	of	 the	player	at	 the	NPC,	 faction,	 and	village	 level.	Additional	
comments	can	be	provided	that	highlight	 the	player’s	weaknesses,	explaining	





live	 one	 of	 billions	 of	 lives	 in	 any	 country	 in	 the	 world.	 Through	 statistically	
accurate	events,	Real	Lives	brings	to	life	different	cultures,	human	geography,	
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political	 systems,	 economic	 opportunities,	 personal	 decisions,	 health	 issues,	
family	issues,	schooling,	jobs,	religions,	geography,	war,	peace.	Compared	with	
a	 control	 group,	 students	 who	 played	 the	 simulation	 game	 as	 part	 of	 their	
curriculum	 expressed	 more	 global	 empathy	 and	 greater	 interest	 in	 learning	
about	other	countries	[Bachen,	2012].		
Managerial	 business	 SGs	 like	 SimVenture	 (Fig.	 	 6),	 GoVenture	 CEO	 and	
MarketPlace	 are	 increasingly	 being	 used	 in	 higher	 education.	 They	 represent	
detailed	 business	 simulations	 where	 users	 (also	 grouped	 in	 teams)	 are	
responsible	for	managing	a	company	in	various	market	scenarios.	A	number	of	
performance	 indicators	 (e.g.,	Bank	Balance,	 cash-flow,	Company	Value,	Gross	
Profit),	 that	 are	 useful	 for	 self-assessment,	 are	 provided,	 but	 it	 is	 generally	
difficult	 for	 the	 player	 to	 understand	 the	 impact	 of	 his	 choices	 (e.g.	 about	
marketing,	 personnel,	 etc.)	 on	 those	 figures.	 CEO	 provides	 a	 simulation	
management	module	through	which	the	teacher	can	configure	different	types	
of	inter-team	team	competition	scenarios.	Literature	highlights	that,	in	this	kind	














allow	 coordinated	 motions,	 let	 therapists	 determine	 difficulty;	 ensure	 that	
games	fun	and	challenging:	audio	and	visuals	are	important,	automatic	difficulty	
adjustments	 provide	 adequate	 challenge,	 NPCs	 and	 storylines	 are	 intriguing.	
Future	steps	concern	creation	of	connections	with	friends	and	family	members,	
and	support	of	socialization.		











hunts)	 that	 are	 set	 in	 realistic	 virtual	 worlds	 (typically	 3D)	 enriched	 with	
embedded	educational	tasks,	which	have	been	implemented	as	mini-games	that	
can	be	instantiated	out	of	a	set	of	predefined	templates.	This	approach	simplifies	
the	authoring	work,	allowing	an	approach	 similar	 to	 the	mind-maps	concept.	
Tasks/mini-games	 allow	 the	 player	 to	 focus	 on	 a	 specific	 item/topic	 in	 the	
environment.	 Each	 task/mini-game	 involves	 very	 short	 introduction	 and	
conclusion	 texts	 that	 complement	and	 reinforce	 the	 task	experience	 through	
plain	verbal	knowledge.	Compared	to	reading	text,	a	game	forces	the	player	to	

































• allow	 non-professional	 developers	 (e.g.	 teachers	 and	 educators)	 to	







as	 game	 scripting,	 event	 management,	 graphic	 rendering,	 etc.	 Additional	
components	and	libraries	are	added	and	re-used	in	different	games,	in	order	to	
provide	specific	functionalities	(e.g.,	user	profiling,	natural	language	processing,	
quiz	management).	 Some	of	 these	 components	 are	 available	 in-house,	 other	
from	third	parties,	 sparse	over	 the	 Internet.	These	components	are	compiled	
together	 and	 bundled	 in	 an	 executable	 game,	 which	 is	 downloadable	 or	




A	Service-Oriented	Architecture	 (SOA)	 is	“a	software	architecture	 for	building	
applications	 that	 implements	business	processes	or	services	by	using	a	set	of	
loosely	 coupled,	 blackbox	 components	orchestrated	 to	deliver	 a	well-defined	
level	of	service”	[Hurwitz,	2007].	It	is	a	set	of	ideas,	recommendations,	policies	
and	 practices	 for	 architectural	 design.	 One	 of	 its	 goals	 is	 to	 employ	
modularization	 and	 compositionality	 to	 achieve	 flexibility	 and	 to	 enable	 the	
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tenancy	 (in	 contrasts	 with	 multi-instance	 architectures	 where	 separate	
instances	 operate	 on	 behalf	 of	 different	 client	 organizations).	 Finally,	 the	
delivery	of	functionalities	has	to	be	made	in	an	appropriate	level	of	granularity,	
not	 so	 coarse	 and	 thus	without	 flexibility,	 and	 not	 so	 fine	 that	 it	 affects	 the	
service’s	 effective	 application	 [Sprott,	 2004].	 Web	 services	 are	 the	 set	 of	
protocols	by	which	the	services	in	SOA	architectures	can	be	published	and	used.	
An	 implementation	that	complies	with	known	web	service	standards,	such	as	
representational	 state	 transfer	 (REST),	 has	 the	 additional	 benefit	 that	 the	
applications	 are	 standardized,	 technology/platform	 neutral	 and	 they	 can	 be	
discovered	and	used	automatically.		
There	 are,	 nevertheless,	 challenges	 in	 adopting	 a	 SOA	 approach	 for	 a	 new	
context	 like	 SGs	 design	 and	 implementation.	 Quality	 assurance	 and	 testing	
module	 integration	 tends	 to	 be	 more	 difficult	 when	 developing	 SOA	
applications.	 In	addition,	a	service	can	be	practically	unusable	 if	 its	 interfaces	
lack	clarity	or	the	documentation	is	not	clear.	Finally,	extra	attention	has	to	be	
given	to	service	descriptions,	as	they	are	the	way	to	advertise	the	capabilities,	
interfaces,	 behaviour	 and	 quality	 of	 a	 service,	 providing	 the	 required	
information	 for	 discovery,	 selection,	 binding	 and	 composition	 with	 other	
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of	 the	 game	 itself	 [Bellotti,	 2009].	 The	 ideas	 expressed	 in	 literature,	 and	





contexts	 [Popescu,	 2008].	 Authoring	 platforms	 also	 aim	 to	 reduce	 the	
complexity	of	game	development.	The	eAdventure	game	platform	aims	to	serve	
as	 an	 authoring	 platform	 for	 educational	 point-and-click	 adventure	 games,	
executing	games	defined	in	a	specialized	markup	language	[Moreno-Ger,	2007].	
The	 authoring	 tool	 Puzzle-it	 divides	 the	 process	 of	 developing	 games	 into	
content	 authoring	 and	 core	 engine	 development,	 making	 it	 possible	 for	
instructors	 to	 create	 content	 for	 the	 games	 via	 the	 authoring	 tool	 without	
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[Lewis,	 2002],	 [Petridis,	 2012].	 Game	 engines	 are	 collections	 of	 modules	 of	
simulation	 code	 that	 do	 not	 directly	 specify	 game	 logic,	 behaviour	 or	 game	
environment,	 and	 consequently	 can	 be	 re-used	 in	 different	 game	 projects	




very	 few.	While	 the	 game	 itself	 has	 not	 been	 developed,	 a	 Service-Oriented	
Architecture	was	 the	 approach	 of	 choice	 for	 an	 envisioned	 gaming	 platform	
based	on	mobile	augmented	reality	(MARL).	In	this	system,	on-demand	location-
based	instruction	would	be	delivered	through	a	head-mount	display	by	a	virtual	






Tutoring	 System	 teaches	 human	 anatomy	 through	 a	 problem-based	





the	 researchers	 built	 a	 3D	 game	 in	which	 the	 student	 is	 a	 doctor	who	must	
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diagnose	a	patient	in	a	virtual	hospital.	The	GameTel	project	[Perez-Rodriguez,	










In	 the	 future,	 a	 new	 generation	 of	 SGs	 will	 be	 able	 to	 provide	 compelling	
adventures	 set	 in	 highly	 realistic	 and	 information-rich	 environments,	 where	
quests/investigations	 can	be	 solicited	 through	competition	and	collaboration.	















bricks	 for	 SG	 developers,	 providing	 functionalities	 (e.g.,	 emergent	 narrative,	
virtual	 characters,	 interaction	 systems,	 assets,	 learning	 assessment	 analytics,	







had	 to	 develop	 and	 maintain	 their	 own	 basic	 components.	 Beside	 cost	
reduction,	this	economy	of	scale	(i.e.,	the	same	service	used	in	several	different	
third	party	SGs)	will	support	reliability	(each	component	will	be	tested	in	several	
different	 games)	 and	 quality	 enhancement	 (service	 developers	 will	 develop	
specialized	services	and	continuously	improve	their	quality).	By	building	atop	of	
such	service	bricks,	SG	companies	will	be	able	focus	their	resources	on	the	added	
value	 of	 their	 own	 games	 (e.g.,	 the	 plot,	 the	 contents,	 the	 pedagogical	
approach).	
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users,	 type	 of	 provided	 user	 assessment,	 etc.)	 and	 technical	 (e.g.,	 how	 to	
programmatically	connect	to	the	service,	what	the	pre-	and	post-conditions	are,	
etc.)	 features.	 Browsing	 the	 catalogue,	 the	 SG	 developer	 organizations	 can	
choose	 the	 most	 suited	 services	 to	 meet	 their	 needs.	 The	 services	 are	
configurable	by	developers	setting	parameters	for	customized	use.	For	instance,	
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the	 matching	 module	 allows	 the	 developer	 (game	 designer)	 to	 specify	 the	
metrics/rules	for	similarity	assessment.	Services	are	seamlessly	linked	at	runtime	
by	the	company’s	SG	code,	through	the	game	engine.	The	services	can	run	either	
at	 the	 service	 developer	 site	 or	 on	 the	 SGAAS	 platform.	 The	 cloud-based	
platform	 allows	 efficient	 execution	 and	 provision	 of	 meta-services,	 such	 as	











The	 overall	 improvement	 in	 the	 SG	 development	 process	 allows	 efficiently	
bringing	to	the	teachers	and	trainers’	hands	(i.e.,	very	close	to	the	end-users)	a	
variety	 of	 high	 quality	 new	 SGs	 at	 low	 costs,	 creating	 a	 critical	 mass,	 thus	
increasing	the	SG	sector’s	appeal	also	by	the	big	digital	gaming	companies.		
The	idea	is	to	establish,	in	the	long	run,	a	SGDE	catalogue	and	the	cloud-based	
execution	 platform	 as	 a	 catalyzer	 for	 boosting	 the	 SG	market,	 by	 creating	 a	
meeting	point	between	demand	and	offer	of	components	for	SG	development.	
The	 components	 are	 at	 various	 level	 of	 granularity,	 from	 the	 low	 level	 basic	
services	for	virtual	world	asset	generation	(useful	to	SG	developer	companies)	
to	the	higher-level	templates	(useful	for	teachers	that	want	to	create/customize	
their	 own	 games	 or	 even	 let	 their	 students	 to	 develop	 exercise	 SGs).	 This	 is	
similar	to	the	Apple	iTunes	and	similar	stores	model	on	the	consumer	market,	
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but	 specifically	 targeted	 at	 the	 development	 of	 SGs.	We	 got	 inspired	 from	 a	
consumer	market	approach	since	we	believe	that	facilitating	the	developer	task	
and	 increasing	their	basis	will	be	a	key	driver	 for	overall	market	extension.	 In	
fact,	the	current	bottleneck	is	represented	not	by	the	schools/industries	(where	






present	 research	work.	 However,	 it	 is	 fundamental	 that	 these	 tools	 satisfy	 a	




from	 the	 offer	 of	meta-services,	 concerning	 the	 use	 of	 the	 services,	 and	 the	
overall	user	and	SG-use	profiling.	Also,	royalties	on	the	exploitation	of	the	single	
hosted/advertised	services	may	be	paid.	
Business	 benefits	 are	 thus	 foreseen	 for	 all	 the	 actors	 in	 the	 value	 chain.	
Technological	 companies	will	 exploit	 the	 emergent	 SG	market	 by	 offering	 to	
third	parties	services	that	stem	from	existing	technologies	in	the	entertainment	
gaming	 area,	 such	 as	 procedural	 model	 generation,	 or	 telemetry.	 Research	
organizations	will	have	a	new	distribution	channel	where	they	can	deploy	their	
research	 artefacts	 (also	 legacy	 components,	 since	 they	 may	 be	 wrapped	 as	









that	 is	 necessary	 to	 concretely	 satisfy	 the	 need	 of	 teachers	 and	 trainers	 to	











with	 the	 complexity	 of	 the	 human	 cognitive	 processes.	 Furthermore,	 the	 SG	
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market	 size	 is	not	 comparable	with	 that	of	entertainment	games	and	 the	SG	
production	budgets	are	usually	very	limited,	while	the	end-user	expectations	are	
high,	because	they	are	familiar	with	AAA	videogames.		
The	 vision	 is	 to	 allow	 the	 availability	 of	 a	 set	 of	 highly	 reliable,	 scalable,	












which	 to	 provide	 their	 technologies	 to	 the	 educational	 game	 sector	 that	will	
benefit	 from	 availability	 of	 such	 modules,	 exploiting	 economies	 of	 scale.	
Moreover,	existing	game	engines	will	be	upgraded	in	order	to	allow	developers	
to	directly	include	the	new	services.	
Every	 service	will	be	accompanied	by	configuration	modules,	 so	 that	SGs	will	
result	 from	 a	 customized	 execution	 of	 the	 services,	 according	 to	 the	 actual	
educational	targets	of	the	specific	SG	developer.		
An	 SGDE	 service	 catalogue	 will	 provide	 a	 list	 of	 services	 made	 available	 to	
customers	by	game	technology	companies.	Each	service	within	 the	catalogue	
typically	 includes:	 a	 description/categorization	 of	 the	 service,	 supporting	







design	 activity.	 The	 tool	 will	 also	 allow	 domain	 experts	 and	 educators	 (e.g.	
teachers,	also	with	no	programming	skills)	 to	visually	compose	homogeneous	
classes	 of	 games	 by	 customizing	 pre-defined	 templates	 with	 specific	 own	
contents.	
Barriers	and	obstacles	





chain	 is	 enabled	 by	 the	 web-services,	 but	 aims	 at	 decoupling	 the	





A	 successful	 approach	 adoption	 requires	 a	 cultural	 shift	 in	 the	 way	 SGs	 are	
designed	and	developed.	The	service-oriented	idea	of	loosely	coupling	software	
components	 requires	a	shift	 from	traditional,	waterfall	 styles	of	development	
(featuring	 the	 consequential	 steps	 of	 design-build-test-deployment-






issues	 shift	 from	 the	 game	 boundaries	 to	 the	 federation	 of	 all	 the	 services	
included	in	the	game.	This	can	be	a	barrier	to	the	adoption	of	services	due	to	
the	uncertainty	about	the	security	of	data	(who	knows	the	data	of	my	users?)	
and	the	provided	performance	 level	 (what	can	 I	do	 if	my	game	become	slow	
because	 a	 service	 does	 not	 respond	 promptly?).	 It	 is	 thus	 necessary	 to	 pay	
attention	 in	 the	design	of	 the	 service	contract	 to	cover	all	 aspects	 related	 to	





assemblies	of	 simple	blocks.	Although	 this	 can	be	a	good	 introduction	 to	 the	










aims	 to	 provide	 structured	 support,	 from	 content	 design	 to	 final	
implementation.	In	particular,	we	have	abstracted	a	conceptual	mode	(SandBox	
Serious	Game)	which	relies	on	a	generalization	of	task-based	 learning	theory,	
introduced	 in	 the	 previous	 chapter.	 The	 model	 invites	 players	 to	 perform	
cognitive	 tasks	 contextually	 while	 exploring	 information-rich	 virtual	
environments.	The	model	defines	games	that	are	set	in	realistic	virtual	worlds	
enriched	 with	 embedded	 educational	 tasks,	 which	 we	 have	 implemented	 as	
mini-games.	This	approach	simplifies	 the	authoring	work,	which	can	easily	be	
supported	 by	 visual	 authoring	 tools	 for	 ontology-based	 3D	 modelling	 and	








The	 SBSGs	 concept	 [Squire	 2008;	 Bellotti	 et	 al.	 2010a]	 relies	 on	 research	 on	
cognitive	 processing	 (how	 information	 is	 stored,	 retrieved,	 and	 represented	


















focused	 activities	 to	 develop	 knowledge	 and	 skills.	 Tasks	 are	 activities	
characterized	by	the	ability	to	engage	the	learner’s	interest;	a	primary	focus	on	
meaning;	 a	 need	 for	 completion;	 an	 outcome	 in	 terms	 of	 which	 success	 is	
judged;	and	a	clear	relationship	with	real-world	activities	[Willis	1996].		
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chapter)	 that	 allows	 multiplayer	 online	 gaming	 in	 3D	 environments	 and	
interaction	with	players’	avatars	and	virtual	characters.	In	our	model,	tasks	can	
be	 annotated	 pedagogically.	 Authors	 annotate	 tasks	 by	 adding	 semantic-
relevant	meta-information	about	their	types,	content,	supported	user-learning	
styles,	 and	 so	 on.	 This	 allows	 decoupling	 the	 tasks,	 which	 can	 be	 reused	 in	
different	SGs	from	the	definition	of	their	delivery	strategy	in	a	specific	SG,	which	
is	 specified	 by	 the	 SG	 designer	 (who	 is	 not	 the	 content/task	 author),	 and	
automatically	managed	by	a	runtime	engine.	
Tasks	 are	 implemented	 as	mini-games	 that	 focus	 the	 player’s	 attention	 on	 a	
particular	item	that	he	or	she	may	find	during	his	virtual	exploration	in	the	game	




provide	 consistent	 and	 homogeneous	 interaction	 modalities	 (which	 can	 be	
quickly	and	easily	learned	by	the	player	and	then	used	several	times),	we	have	
defined	a	library	of	task	templates.	Every	task	in	the	VW	is	an	instance	of	one	
such	 template	 (typology).	 This	 approach	 also	 simplifies	 authoring	 work	 and	
makes	it	more	efficient,	allowing	reuse	of	tasks	in	different	SGs,	thanks	to	the	


















In	 a	highly	 interactive	 system,	 such	 as	 a	 3D	exploration/game,	displaying	 the	
details	of	the	reconstructed	environment	is	not	fundamental,	as	there	the	player	
moves	 rapidly.	However,	 in	 the	 case	of	 a	 SG,	 the	player	 (playing	as	 a	 sort	of	
detective)	 has	 to	 examine	 details,	 where	 relevant.	 In	 order	 to	 meet	 the	




local	 2D	 vector	 map,	 so	 placement	 of	 items	 (buildings	 in	 a	 city	 or	
instrument	in	a	farm)	in	the	model	is	precise.	This	also	allows	exploiting	
synergies	 with	 open	 geographic	 information	 systems	 (GIS)	 APIs	 (e.g.	






detail.	We	use	 this	 approach	 for	 education	meaningful	 items,	 such	as	
industrial	 instrumentation	 in	 the	 FoodGame	 example,	 described	 in	
Chapter	5.	
• The	textures	for	all	the	other	palaces	are	built	via	a	statistical	ontology-

















textures	 (i.e.,	 not	 statistically	 defined).	 Currently,	 there	 are	 two	 major	
approaches	for	modelling	special	POIs	(e.g.	monuments,	equipment).	The	first	
one	 consists	 in	 the	actual	 polygonal	 reconstruction	of	 the	monument,	 and	 is	







continuously	 rotated	by	 the	system	so	 that	 it	 is	always	 in	 the	player’s	 frontal	
view.	This	limits	the	realism	and	the	quality	of	the	implementation.	
In	 order	 to	 overcome	 these	 drawbacks,	 we	 have	 tried	 to	 apply	 a	 procedure	
based	on	an	enhancement	of	the	billboard	approach,	consisting	 in	the	use	of	
multiple	textures	(photos	of	the	POI)	which	are	displayed	at	different	viewing	








directions.	 The	 POI	 (in	 the	 example	 a	 monument)	 can	 be	 thought	 of	 as	










This	 section	 gives	 an	 introduction	 to	 the	 task	 typologies	 that	 we	 have	
implemented	 in	 the	 platform	 as	 software	 templates.	 The	 task	 typologies	 are	
easy	and	most	of	them	are	adapted	from	“paper	and	pencil”	quizzes	or	simple,	
popular	computer	games.	For	this	reason,	we	call	them	mini-games	as	well,	even	





Observation	tasks	 These	 tasks	 privilege	 sight	 for	 investigating	 and	
exploring	 the	 local	 environment.	 In	 general,	 these	
games	 tend	 to	 exploit	 “knowledge	 in	 the	world”	 in	
order	to	develop	cognition	[Dickey	2003;	Ducheneaut	
et	al.	2006].	They	aim	to	stimulate	spatial	processing	








Arcade	tasks	 These	 tasks	 stimulate	 similar	 skills	 as	 observation	
games	 do.	 Their	 specificity	 lies	 in	 the	 animated	
graphics	 and	 engaging	 interaction,	 which	 helps	
create	 a	 convincing	 and	 pleasant	 experience.	 They	








When	 developing	 an	 SG,	 besides	 possessing	 content	 (virtual	 environments,	
tasks),	it	is	necessary	to	identify	the	game	context	and	plot	in	order	to	make	it	
appealing.	 Considering	 the	 nature	 of	 the	 proposed	 platform,	 which	 favours	
creation	of	tasks	and	their	contextualization	(placement)	at	suitable	positions	in	




in	 fact,	 be	 easily	 produced	 by	 domain	 experts	 and	 used	 as	 challenges	 at	
appropriate	stages	of	the	treasure	hunt.	
The	plot	of	the	treasure	hunt	game	is	simple	and	schematic;	but	it	represents	a	
format	 that	 is	 scalable	 and	 flexible	 in	 terms	 of	 content,	 which	 could	 be	
developed	cost-effectively	and	could	also	be	used	by	third	parties	and	in	a	user	
generated	content	(UGC)	context.	Teachers/experts	could	also	control	the	tasks	
available	 for	 a	 game	 by	 simply	 specifying	 those	 available	 for	 their	 topic	 of	
interest.	
Also,	 a	 simple,	 easy	 to	 understand	 structure—coupled	 with	 task	 created	 as	
instances	of	templates	whose	interaction	modalities	can	be	easily	learned	once	
by	a	player	and	applied	in	several	different	cases—poses	little	cognitive	overload	
for	 the	 player,	 who	 can	 effectively	 focus	 his	 attention	 on	 the	 content	 and	
context.	
There	is	a	risk	that	the	player	may	have	a	“clunky”	experience,	since	the	author	
is	 not	 required	 to	 specify	 a	 complete	 narrative.	However,	 some	 sandbox-like	
games	are	successful	 in	the	market	where	the	player	builds	his	own	narrative	
experience	 by	 interacting	with	 contextualized	 situations	 and	mini-adventures	
during	 exploration	 of	 a	 wide	 geographic	 environment	 (e.g.,	 Oblivion,	 Grand	














• Game	 programming,	 including	 display	 of	 the	 scene	 (which	 is	 usually	










New	methodologies	are	needed	 in	order	 to	 support	design	of	 games	able	 to	




the	 entertainment	 video	 game	 industry	 approach	 the	 creation	 of	












software	 design,	 coding	 and	 test,	 integration	 and	 qualification	 test,	
deployment	and	field	test,	evaluation.	




model,	 deduction	 of	 learning	 activities,	 game	 genre	 definition,	
integration	of	knowledge	into	the	game.		
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• [Preston,	 2014]	 presents	 a	 scalable	 and	 repeatable	 process	 to	 focus	
participant	 creativity	 through	 constrained	 design	 to	 rapidly	 prototype	




Service	Oriented	 Architecture	 approaches	 promise	 to	make	 SG	 development	
faster	and	easier,	also	enhancing	modularity	and	 flexibility.	 [Carvalho,	2015a]	
presents	 a	 case	 study	 of	 a	 simple	 SG	 exploiting	 a	 web-service	 for	 player’s	
formative	 assessment.	 The	 activity	 theory-based	 model	 for	 serious	 games	
analysis	and	conceptual	design	(ATMSG)	method	has	been	defined	in	order	to	
support	a	systematic	and	detailed	representation	of	educational	SGs,	depicting	












used	 to	develop	 serious	games	 for	 cognitive	assessment,	 cost	effectively	and	
without	loss	of	predictive	validity	with	respect	to	a	purpose-built	game.	The	next	





development	workflow,	as	 it	 allows	an	automatic	management	of	 the	events	
and	of	 the	 player	 choices.	 The	module	 is	 suited	 only	 to	 investigation	 games,	
where	 players	 have	 to	 search	 for	 clues,	 select	 the	 most	 promising	 ones,	
annotate	 facts,	 face	 trials	 (typically	 implemented	 as	 mini-games)	 and	 finally	
identify	the	final	solution.	Thus,	the	framework	is	not	a	universal	solution,	but	









and	 3),	 we	 have	 developed	 the	 SGSB	 game	model,	 where	 the	 player	 has	 to	
explore	 a	 3D	 virtual	 environment	 representing	 a	 city,	 region,	 natural	 area,	
factory,	etc.	In	the	environment,	the	player	has	to	perform	a	quest/investigation,	
either	hunting	for	damages/failures	or	facing	trials	and	performing	tasks	such	as	
mini-games	 in	 competition/cooperation	 with	 others	 players	 [Bellotti,	 2010;	
Pranantha,	2012;	Bellotti,	2009].	











for	 the	 SGSG	 category	 of	 educational	 SGs.	 The	 main	 requirements	 are	 the	
following:	
• Support	 to	exploration	of	 a	 virtual	 environment	where	 the	player	 can	
perform	meaningful	educational	activities.	

































application	 environments,	 typically	 game	 engines,	 aimed	 at	 facilitating	 the	
development	of	an	SG.	A	game	developer	is	required	to	describe	the	content	of	
the	 game	 in	 a	 file,	 namely,	 the	 investigation	 instance	 descriptor,	 that	 is	
interpreted	at	game-loading	time	by	a	JavaScript	module	running	atop	a	game	
engine.	 The	module	 is	 responsible	 for	 fetching	 all	 the	 referred	 contents	 and	
create	the	game	objects	necessary	to	manage	the	correct	execution	of	the	game	
(Fig.	 	 13).	 While	 the	 concept	 is	 general,	 the	 JavaScript	 module	 is	 currently	
implemented	for	the	Unity	3D	engine	only.	












Mini-games	 are	 particularly	 suited	 to	 invite	 a	 player	 to	 perform	 an	 activity	




“image	 comprehension”,	 “contextualized	 questions”,	 “visual	 quiz”,	 “quiz”,	
“wrong	details”,	“missing	details”,	“right	place”.	Next	sub-section	describes	 in	
detail	 the	 various	 mini-game	 typologies,	 considering	 the	 cultural	 heritage	
application	domain.	
As	an	example,	Fig.		14	shows	a	piece	of	XML	code	defining	a	mini-game	of	type	













<POI id=[the unique GUID identifier of the PoI]> 
  <name>[A mnemonic name for the PoI]</name> 
  <description>[A short sentence</description> 
  <minigame id=[unique ID of the mini-game] type= “couple”> 
    <name>[A mnemonic name for the minigame]</name> 
    <instructions>Choose matching elements</instructions> 
    <images> 
      <image id=“1” side=“left”>img1.png</image> 
  <image id=“2” side=“right”>img4.png</image> 
  <image id=“3” side=“right”>img5.png</image> 
    </images> 
    <connections> 
      <connection starimg=“1” endimg=“2” /> 
    </connections> 
    <context> 
      <ref> http://dbpedia.org/page/definition</ref> 
    </context> 
  </minigame> 
</poi> 
Fig.		14	Piece	of	XML	code	describing	a	minigame	of	type	“couple”	inside	a	PoI	












  <name>[Name]</name> 
  <description>[Description]</description> 
  <images>  
    <!--> … <-->  
  </images> 
  <parameters> 
    <parameter id=“1” name=[Name] type=“continuous”> 
      <description>[Description]</description> 
      <visualization_style>Dial</visualization_style> 
      <range> 
        <min>0.2</min> 
        <max>2.5</max> 
      </range> 
      <unit>[Unit]</unit> 
    </parameter> 
  </parameters> 
  <questions> 
    <question id="1"> 
      <why>[Question]</why> 
      <difficulty>3</difficulty> 
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      <answer id="1" correct="0">[Answer 1]</answer> 
      <answer id="2" correct="1">[Answer 2]</answer> 
      <answer id="3" correct="0">[Answer 3]</answer> 
   <answer id="4" correct="0">[Answer 4]</answer> 
    </question> 












<suspect id=[GUID] target=“0” game_id=“1”> 
  <poi_id>[POIGUID]</poi_id> 
  <likelihood>5</likelihood> 
  <parameters_of_interest> 
    <parameter_id target=“0” value=“0”>2</parameter_id> 
    <parameter_id target=“0” value=“1”>3</parameter_id> 




Each	 suspect	 item	 is	 characterized	by	 the	 following	 attributes:	 id,	 target	 and	





session	 is	 randomly	 selected	 at	 the	 beginning	 of	 the	 session.	 Thus,	 several	
targets	may	be	set	to	1,	but	only	one	for	each	reference	game_id.	



















<game_plots date=“dynamic” name=“The Game News”> 
  <game_plot id=“1”> 
    <start_title>[Title text]</start_title> 
    <start_text>[Start text]</start_text> 
    <end_title_right>[End title (wins)]</end_title_right> 
    <end_text_right>[End text (wins)]</end_text_right> 
    <end_title_wrong>[End title (loose)</end_title_wrong> 
  <end_text_wrong>[End text (loose)]</end_text_wrong> 







  <title>[Title text]</title> 
  <description>[Description text]</description> 
  <soundtrack mute=“on”> 
    <sound level=“menu”>[file menu]</sound> 
    <sound level=“newspaper”> [file newspaper]</sound> 
    <sound level=“all”> [file all]</sound> 









The	 task	 described	 in	 the	 context	 of	 the	 SBSG	 paradigm	 (Chapter	 3)	 are	






The	 player	 must	 insert	 missing	
words	 in	 a	 text	 document.	 He	
can	 choose	 the	 possible	
alternatives	 from	 a	 dropdown	
menu.	In	a	slightly	more	difficult	
case,	 the	 player	 has	 to	 first	
identify	wrong	words	in	the	text	












questions	 related	 to	 an	 image	
(e.g.,	who	are	the	people	in	the	
picture?	 What	 is	 the	 symbolic	
meaning	 of	 a	 detail/the	 whole	
picture?).	 The	 multiple	 answer	

















The	 player	 must	 explore	 an	
image	with	a	wand	tool.	In	some	
areas,	 the	 wand	 pop-ups	 a	


















This	 is	 a	 simple	multiple-choice	
list	of	questions.	The	question	is	
generally	 tied	 to	 its	 location	 in	




version	 with	 images	 instead	 of	
written	 questions	 is	 also	
















The	 player	 must	 detect	 all	
details	 that	 have	 been	 deleted	
or	added	to	an	image.	The	user	
clicks	on	them	until	all	are	found	
(or	 he/she	 pushes	 the	 exit	















geographic	 or	 conceptual	 map.	
The	icons	are	initially	placed	in	a	
column	to	the	right	of	the	map.	
Placements	 can	 be	 overridden	
by	dropping	 a	 new	 icon	 in	 that	











The	 player	 must	 compose	 an	











provided	 at	 the	 end.	 Help	 is	
available	 (once	 a	 piece	 is	
positioned	in	its	right	place).	The	
player	 may	 have	 seen	 the	
relevant	 item	 during	 his	








in	 the	 right	 column	 with	 those	
on	 the	 left	 by	 pointing	 and	
clicking.	 A	 connection	 can	 be	
deleted	(by	clicking	on	one	of	its	
two	 images).	 Feedback	 is	
provided	only	at	the	end	(right,	
wrong,	 and	 missing	
connections).	 Help	 is	 available	











throws	 objects	 from	 a	
tower/balcony.	 The	 player	
moves	 a	 “catcher”	 character	
(with	 the	 left	 and	 right	 key	
arrows),	 who	 has	 to	 catch	 the	







instance	 is	 described	 by	 a	 configuration	 file	 that	 specifies	 the	 values	 of	 the	
instance’s	parameters.	The	configuration	file	is	prepared	by	the	pedagogical	or	
domain-expert	author.	This	allows	educational	experts	who	are	not	familiar	with	
programming	 to	 create	 new	 task	 instances.	 Parameters	 involve	 content	 (i.e.,	
text,	 images,	 difficulty	 levels,	 etc.);	 timing	 (of	 questions	 and	 answers);	 and	
multimedia	display	(i.e.,	buttons,	sounds,	fonts,	colours,	etc.).	
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we	usually	 consider	when	evaluating	 a	 student.	 Since	 an	 author	may	 reward	
precision	(e.g.,	minimal	number	of	moves	in	solving	a	puzzle	game)	more	than	
speed	in	accomplishing	a	task,	 in	order	to	invite	players	to	an	accurate	rather	






Some	 parameters	 can	 be	 managed	 automatically	 by	 the	 runtime	 system,	 in	
order	to	increase	the	usability	range	of	the	game,	thus	enhancing	the	possibility	
of	its	reuse	[Bellotti	et	al.	2009b].	For	instance,	the	difficulty	level	of	a	task	could	




























The	 final	 score	 is	 the	 weighted	 sum	 for	 accuracy	
assessment	 and	 time	 performance	 assessment.	 An	
















features	of	 the	 task	 and	 the	POI	 to	which	 it	 is	 related	 [Bellotti	 et	 al.	 2010a].	
Typical	task	metadata	includes	types,	contents,	supported	user	learning	styles,	
and	positions;	while	user	data	 includes	 learning	styles,	 task	 type	preferences,	
content	preferences,	and	performance	[Bellotti	et	al.	2009c].	
This	 allows	 an	 artificial	 intelligence	 (AI)-based	 runtime	management	 system,	
namely,	the	experience	engine	(EE),	to	deliver	tasks	dynamically	during	a	game	
session	 to	 support	 the	 acquisition	 of	 personalized	 knowledge.	 For	 more	
information	about	the	Experience	Engine,	please	refer	to	[Bellotti	et	al.	2009b].	
In	particular,	 the	EE’s	AI	 learns	 an	 appropriate	 task-	 scheduling	policy	whose	
requirements	are	specified	by	the	author,	exploiting	the	user	and	task	models.	
For	instance,	a	teacher	could	prepare	a	game	with	tasks	that	stress	the	weakest	
learning	 style	 of	 each	 player.	With	 this	 approach,	 the	 domain-expert	 author	
focuses	on	 characterizing	 tasks,	on	 the	expected	 learning	 curve,	 and	on	user	
needs,	while	the	task	sequencing,	which	takes	the	real	user	profile	and	runtime	
interaction	into	account,	is	delegated	to	the	EE.	


























be	 ported	 also	 on	 different	 engines)	 by	 creating	 six	 prefabs.	 Prefabs	 are	
containers	that	can	contain	one	or	more	game	objects	(the	elements	making	up	
the	scenes),	each	one	of	which	can	have	one	or	more	scripts.	Three	of	 them	




the	XML	 script	 file	 from	which	 the	 game	data	 are	 loaded	by	 the	plug-in,	 the	
natural	languages	in	which	the	interface	of	the	game	is	available).	
PoIInfo	 are	 prefabs	 corresponding	 one	 to	 one	 to	 POIs,	 i.e.,	 they	 encode	 the	
POIinformation	 and	manage	 their	 behaviour.	 A	 PoIInfo	 includes	 two	 triggers,	
that	are	areas	where	access	by	a	player	is	detected,	so	that	an	event	is	triggered	





































































water is carried 
out to ensure 

























mixed based on 
the required 

















































on.	 There	 is	 the	 Weapon	 specialist,	 Sourcing	 specialist,	 Logistical	 specialist,	





• The	 logistical	 specialist	has	 to	 find	an	opportunity	 to	 fly	 in	 the	special	
additive	from	abroad.	




• The	 safety	 specialist	 has	 to	 find	ways	 to	 protect	 the	 bodyguard	 from	
Draweva.	
• The	 team	 leader	 has	 to	 lead	 the	 team	 in	 terms	 of	 decisions	 about	
strategy	and	item	purchases.	
The	game	is	departed	in	five	phases	(each	phase	of	approximatively	15	minutes)	
in	 which	 the	 players	 are	 faced	 with	 different	 tasks	 that	 simulate	 regular	






• Phase	1	 (collecting	 information):	 the	player	has	 to	 collect	 information	
according	 to	his	 specialty	by	posing	questions	 to	different	Non-Player	




























In	 the	 development	 of	 a	 new	 game,	 the	 use	 of	 the	 SGDE	 allow	designers	 to	
produce	games	with	a	versatile	structure,	quite	easy	to	maintain	and	extend.	
One	important	goal	achieved	is	the	high	degree	of	separation	between	data	and	
code.	 The	 content	 of	 the	 game	 (or,	 more	 generally,	 the	 part	 related	 to	 the	
investigation),	in	fact,	is	stored	in	the	descriptor	file,	which	can	be	easily	edited	
also	by	non-programmers.	This	 is	particularly	 important	 for	SG	design,	where	








Five	 people	 (4	 PhD	 and	 1	 Post-doc;	 2	 of	 them	 are	 Italians,	 2	 Indians	 and	 1	
Tunisian)	participated	in	the	pilot.	One	of	them	is	a	humanistic	domain	expert	
with	no	programming	experience,	the	other	four	come	from	an	ICT	Engineering	
department,	 with	 good	 programming	 expertise.	 None	 of	 them	 had	 working	
experience	with	a	3D	modelling	tool.	
The	 pilot	 took	 place	 in	 a	 morning	 in	 our	 laboratory.	 The	 participants	 were	















that	 all	 the	 tasks	were	 accomplished	 correctly.	 The	 final	 result	was	 assessed	














1	 ✓	 20	 32	 52	
2	 ✓	 40	 35	 75	
3	 ✓	 23	 50	 73	
4	 ✓	 36	 75	 111	
5	 ✕	 28	 80	 108	













GUI	 items	 for	 the	 display	 of	
POI	information	
Library	 of	 GUI	 items	 to	 allow	 the	 display	 and	




Translation	 of	 the	 interface	
into	different	languages	
Multilingual	 approach	 for	 the	UI	 items	 since	 the	
beginning	of	the	project	
1	





















person	 with	 no	 programming	 experience	 needed	 a	 slightly	 longer	 time	 to	









to	 assess	 usability.	 According	 to	 the	 responses,	 most	 issues	 were	 found	 in	
correctly	positioning	the	POIs	in	the	3D	space,	which	is	substantially	related	to	
the	 lack	 of	 experience	 in	 using	 a	 3D	 modelling	 software.	 Also,	 some	 minor	





the	 role	 of	 all	 the	 different	 prefabs,	 and	 which	 ones	 had	 to	 be	 instantiated	
multiple	 times	 and	 which	 only	 once.	 All	 users	 correctly	 performed	 the	 link	
between	the	XML	script	and	the	Setting	prefab	as	well.	
	 81	
The	 size	 of	 the	 test	 is	 limited	 and	 cannot	 provide	 any	 statistical	 significance.	
More	 tests	are	necessary	 for	a	clearer	assessment.	However,	 the	experiment	














manufacturing	 industrial	 plant,	 and,	 subsequently,	 of	 “Draweva”,	 a	 SG	
developed	to	teach	leadership	skills	to	managers.	
The	 proposed	 tool	 allows	 a	 significant	 reduction	 of	 development	 time	 and	
amount	of	code	to	be	written,	also	supporting	non-programmers.	Moreover,	the	




authoring	 tool	 in	 order	 to	 further	 simplify	 the	 task.	 The	 authoring	 tool	 may	










allows	 high	 development	 efficiency,	 but	 also	 implies	 a	 clear	 limitation	 in	
flexibility,	as	the	degrees	of	freedom	for	game	design	are	limited	to	the	different	
3D	models	 usable	 and	 the	 different	 configuration	 parameters	 settable	 by	 an	
author	in	the	descriptor	files.	However,	the	prefabs	of	the	tool	could	be	used	
also	as	parts	of	more	complex	SGs,	requiring	a	specific	effort	of	game	designers	
and	 developers.	 In	 general,	 identification	 of	 common	 sets	 of	 functionalities	
sharable	 among	 different	 applications	 is	 in	 line	 with	 the	 Service	 Oriented	
Architecture	design	approach,	where	programs	are	built	up	as	mashes	of	cloud	
services.	 In	 particular,	we	have	 envisaged	 a	 possible	 approach	 to	modify	 the	
future	of	SG	design	by	exploiting	the	possibility	of	the	as-a-service	paradigm.	





to	 describe	 more	 complex	 plots	 joining	 the	 various	 POIs,	 tasks	 and	 objects	
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